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FIG. 1 Structural formulae compared. uary 1963), with each drug, using 10 mongrel dogs of medium size (initial weight 16 to 20.5 kg, mean 17.6 kg), employing a standardized technique (Dobkin and Harland, 1960; Dobkin, 1960a Dobkin, , b, 1961 . Prior to each experiment, the dogs were weighed in the fasting state (12 hours). In every experiment, each dog received 20 mg/kg body weight of thiopentone in a 2 per cent solution, injected at the rate of 150 mg/min, and this was followed in alternate experiments by the injection of the test drug (0.5 mg/kg of chlorprothixene, or 5 mg/kg of amitriptyline).
The dose selected for the test drugs was within the therapeutic range of their primary use. After each injection, the dog was placed on the floor of the laboratory and allowed to recover without being disturbed or stimulated. The recovery time of each animal was recorded as the time which elapsed from the beginning of the injection until the dog lifted its head, and then until it attempted and was able to stand on all four paws without collapsing. As soon as a dog recovered, it was removed from the room so that it would not disturb the remaining dogs.
Circulatory response to tilt (chlorprothixene and amitriptyline). Twelve healthy male human subjects between ages 19 and 22 years and weighing between 130 and 200 lb. (mean 165 lb.) were subjected to tests at 1 to 3-day intervals with chlorprothixene. In 10 of these subjects, the tests were repeated with the same drug, and then with amitriptyline, using the following technique (Dobkin, Keil and Wong, 1961; Dobkin and Criswick, 1961; Dobkin, Israel and Robidoux, 1963) . A blood pressure cuff was applied to the arm on which a stethoscope was secured over the brachial artery, and the subjects were allowed to rest in the supine horizontal position for 10 minutes. The blood pressure was then recorded by the standard auscultatory method and the pulse rate was counted at the wrist at regular intervals. Each subject remained in the supine horizontal position for 15 minutes after the rest period and then was tilted, over a period of about 1 minute, to a 60-degree head-up position. This position was maintained for 15 minutes. The supine horizontal position was then resumed and the test drug injected intravenously. Blood pressure and pulse rate were recorded immediately after the injection and at 5-minute intervals for 15 minutes. The subjects were again tilted to the 60degree head-up position in 1 minute, and the same procedure was followed. In each experiment, the arm used for blood pressure and pulse rate estimation was held at the level of the heart during the test. The subjects were instructed not to move or talk during the test but were not restrained beyond having a knee strap and foot board to prevent sliding on the table. None of the subjects was in a "basal state" when the tests were done, but each was tested serially at approximately the same time of the day and was requested not to eat a meal preceding a test.
Side effects observed were noted during and after each test and the subjects were requested to report any discomfort during the following 24 hours. If there was an extreme fall in blood pressure during the tilt, or if the subject fainted, the table was returned to the horizontal position.
Antisialogogue effect (chlorprothixene).
In ten healthy males, parotid salivary secretion was measured as follows. In the control test, saliva was collected for 10 minutes before and then for 30 minutes after the intravenous injection of a mixture containing carbamylcholine chloride 0.12 mg and adrenaline 0.06 mg. In the remaining tests, chlorprothixene 10 mg was injected intravenously at the beginning of the experiment, and saliva was collected for 10 minutes. Then the mixture of carbamylcholine chloride and adrenaline was injected, and saliva was collected for a further 30 minutes. The same parotid duct was used in each subject for the control and drug test. The saliva was collected from the parotid duct by means of a specially designed cup which was connected to a calibrated trap, overflow tube and a Stedman pump (Wyant and Dobkin, 1957; Dobkin, Wyant and Aasheim, 1958) .
RESULTS

Interaction with thiopentone.
Data from these experiments are summarized in table I. The crossover experiments left no doubt that both drugs have hypnotic properties that can substantially prolong thiopentone "sleep" in the dog, and chlorprothixene was obviously far more potent than amitriptyline. No untoward effects were observed during the injection of the thiopentone alone and the combinations, nor during the recovery period. It was evident also that, as a hypnotic, chlorprothixene is almost twice as potent as chlorpromazine, and amitriptyline is more potent than imipramine (Dobkin, 1960a, b) . Circulatory response to tilt (chlorprothixene and amitriptyline). Mean blood pressure and mean pulse rate for the two tests with chlorprothixene (12 and 10 subjects) and the single test with amitriptyline (10 subjects) are shown in tables II, III and IV. These effects are summarized and compared with those of chlorpromazine in table V. 88  85  83  80  80  96  101  102  101  91  87  86  86  113  126  129  123   14  14  12  9  9  13  13  13  18  16  15  12  9 17 ---10 10 10 10 10 10 10 10 10 10 10 10 10 10 4 2 2 Keil and Wong, 1961. In the first test with chlorprothixene, the blood pressure fell at least 40 per cent in 10 of the 12 subjects within 5 minutes of being tilted 60 degrees head-up. The fall in blood pressure developed a little slower in the two remaining subjects. When the test was repeated in 10 of the subjects, a similar effect was observed except that 2 subjects maintained an adequate blood pressure until the end of the test. There was an appreciable rise in the pulse rate when the subjects were tilted, and this effect was substantially augmented after administration of the drug.
The tests were terminated after the tilt in all subjects because of marked hypotension, associated with pallor, tachycardia, weakness and nausea. One subject also had retching and one subject complained of chest "pressure" after he was tilted.
Restoration of blood pressure did not occur promptly when the subjects were placed in the supine horizontal position, so the legs were elevated and wrapped with elastic bandages in every test except in the two subjects who did not become faint after tilting. Even after resting in the supine position for an hour after the test, the subjects were too weak to walk without assistance. In addition to the above symptoms, 6 were restless, 5 were quite drowsy, 2 complained of continuous dizziness and 1 had nausea, after they were replaced in the supine position. Two subjects developed a marked sinus arrhythmia immediately after the injection, which persisted in both instances for more than 30 minutes. Only one subject complained of a dry mouth after the injection. During the following 24 hours, most of the subjects were drowsy and slept well without interruption, and none had the marked resdessness with drowsiness that was previously observed after similar tests with perphenazine and hydroxyzine (Dobkin, Israel and Robidoux, 1963) . Three subjects developed thrombosis in the vein used for injection of the chlorprothixene.
It is evident from these tests that it is unsafe to administer chlorprothixene intravenously in excess of 5 mg unless the patient can be maintained in the supine horizontal or the head-low position for several hours, as it is obviously at least as potent a vasodilator as any of the phenothiazine derivatives (Dobkin, Keil and Wong, 1961) .
When the tests were repeated widi amitriptyline, only 1 subject experienced an immediate sharp drop in blood pressure when tilted, and 3 developed hypotension more slowly. There was virtually no alteration in the pulse rate when they were tilted after the test drug. Of the 4 subjects in whom the tilt was terminated ahead of time, 2 had marked nausea, 1 felt very faint, and 1 had no symptoms accompanying his hypotension. One subject developed a slurred speech after the test, which lasted a short time, but he did not have hypotension during the test. One subject complained of tingling in the fingers and hand after the injection but none had thrombosis of a vein after the injection. None of these subjects had trouble walking after the test. Elastic bandages were not required in the four subjects who experienced hypotension during the test, as their blood pressure returned promptly and was stable after they were replaced in the supine position and subsequently walked about after the test was completed. (table VI) . Chlorprothixene had no effect on the secretion of saliva from the parotid duct either before or after stimulation with the carbamylcholine-adrenaline mixture. DISCUSSION Many attempts have been made to classify the depressant drugs in order to identify and apply them in the management of the particular psychic disorders. In the pharmacological approach to this aim, the Council on Drugs of the American Medical Association proposed two main groups (Kautz, 1958) : the first are non-selective depressants, which include sedatives, hypnotics and analgesics; the second group consists of the selective depressants, which are subdivided into anticonvulsants, antihistamines, antitussives, non-sedative muscle relaxants (mephenesin), sedative muscle relaxants (meprobamate) and central parasympathetic suppressants (phenothiazines and rauwolfia derivatives). Some new drugs, and a few older ones, have properties which reduce certain types of agitation, but because of the nature of the psychic disturbance for which they are used, the patient responds with a calming reaction which is not so much a true hypnotic or sedative response, but is better described as a tranquillizer or ataractic reaction, as suggested by Fabing (1955) .
Antisialogogue effect of chlorprothixene
Chlorprothixene (a thioxanthene analogue), chlordiazepoxide and amitriptyline have properties that do not fit easily into any of the above groups, although they do exert a psychic calming effect. Chlorprothixene and amitriptyline appear to produce psychic stimulation or "anti-depression" but there is also an element of hypnotic depression (Darling, 1961; Remvig and Sonne, 1961; Pare, Rees and Sainsbury, 1962; Sulser, Watts and Brodie, 1962) . For the anaesthetist, it would probably serve best to use the simple term "psychotropic drugs" to apply to any drug which either depresses or stimulates the central nervous system, as recommended by Gerard (1957) .
Chlorprothixene.
Chlorprothixene has been tested most as a drug to reduce psychomotor restlessness, suppress hallucinations, and diminish anxiety. The clinical reports that have appeared do not clearly show that it is much more effective in these conditions, nor that it causes less apathy and drowsiness in such patients, than chlorpromazine. Darling was impressed with its calming action in patients with anxiety, agitation and concomitant insomnia. The main side effects are drowsiness, dizziness, dryness of the mouth, orthostatic hypotension, nausea and faintness. All side effects except the drowsiness can be accounted for by hypotension which is undoubtedly a frequent occurrence with chlorprothixene therapy in ambulant patients (Darling, 1961; Karn, Mead and Fishman, 1961; Remvig and Sonne, 1961) . Hougs (1960) has studied the pharmacology of chlorprothixene to determine its efficacy in anaesthesia and has pointed out that its anti-acetylcholine, anti-adrenaline and anti-serotonin activities (which are greater than those of chlorpromazine) are desirable properties. It is, apparently, at least twice as potent a vasodilator as chlorpromazine, as well as having the ability to intensify the effects of narcotics and to suppress the response to vasopressors. Its anti-emetic properties are apparently similar to those of chlorpromazine. Hougs also found that a small dose reduced the sleeping time after hexobarbitone, whereas larger doses increased the sleeping time. Naeraa, Petersen and Staffeldt (1960) used chlorprothixene for premedication in a few patients (in a dose of 30 mg with atropine 0.6 mg, by intramuscular injection 30 minutes before anaesthesia) and observed that it produced persistent marked tachycardia, but otherwise had no appreciably different effect from morphine (10 mg) or chlorpromazine (50 mg) in patients who subsequently received cyclopropane anaesthesia. Gayer, Morger and Dangel (1962) have used it in a dose of 1 mg/kg intramuscularly in children and have found that it provides excellent sedation without undesirable effects.
Hypotension was not observed in the tests reported here, until the subjects were tilted, and the few clinical reports do not mention this as a problem. Nevertheless the possibility of hypotension is an important drawback to the use of chlorprothixene in premedication, because such an effect would be difficult to reverse with vasopressor drugs. The persistent tachycardia that it produces is also annoying, but would probably not be as prominent if cyclopropane or halothane anaesthesia were used. The marked prolongation of anaesthetic sleep is an effect that deserves special consideration, particularly because this effect may augment postoperative respiratory depression. Finally, it is unfortunate that this agent does not have antisialogogue activity sufficient to reduce the need for belladonna derivatives. The lack of such an activity is surprising in view of the potent anti-acetylcholine activity it otherwise appears to exert, and because the phenothiazine derivatives exert at least a moderate antisialogogue effect (Dobkin, Wyant and Aasheim, 1958) .
Amitriptyline.
There has been much speculation concerning the mode of action of amitriptyline and its analogue, imipramine (Sulser, Watts and Brodie, 1962; Himwich, 1960) . Both appear to have anti-depressant and tranquillizing properties, although the effect on the e.e.g. of animals is qualitatively the same as for chlorpromazine (Himwich, 1960) but amitriptyline is the weakest of the three in this action. Vernier has shown that it has weak tranquillizing and anti-serotonin effects, strong anti-histaminic and anti-convulsant activity and very weak adrenergic blocking and gastric anti-secretory effects, but it is not an amine oxidase inhibitor (Vernier, 1961; Vernier, Hanson and Stone, 1962) .
Clinical trials with amitriptyline have been confined to schizophrenic and depressed patients. It appears to be most useful in patients with the type of depression which is a manifestation of psychosis or neurosis. The tranquillizing component of its action appears to be helpful in alleviating the anxiety that frequently forms a part of depression (Ayd, 1960; Dorfman, 1960; Freed, 1960; Barsa and Saunders, 1961; Inglis, Jones and Sloane, 1963) . Amitriptyline may therefore be useful intramuscularly for pre-operative medication when reduction of anxiety and agitation is desired initially and, later, an elevation of the mood. Until it has been used more widely in psychiatric practice, where its efficacy can be proven in labile neurotic or reactive depression, it does not offer enough to be evaluated for pre-operative sedation. Side effects include dryness of mouth, nausea, emesis, dizziness, blurred vision, fatigue, sweating and muscle tremors (Ayd, 1961) .
CONCLUSIONS
Chlorprothixene exerts a satisfactory sedative effect, which is mainly hypnotic in character. This effect is quite prolonged and along with its very strong vasodilator effect requires a bold word of caution, particularly if it should be used during or immediately after anaesthesia.
Amitriptyline also exerts a sedative hypnotic effect and a vasodilator effect, but these are milder than that of chlorprothixene. However, it has no other obvious properties which would lend themselves to use in pre-anaesthetic medication in place of drugs that are currently available.
CHLORPROTHIXENE ET AMITRIPTYLINE: LEUR ACTION SURAJOUTfiE A CELLE DU THIOPENTAL: EFFET SUR LA CIRCULATION
ET EFFET ANTIS1ALAGOGUE SOMMAIRE L'etude de "l'interaction" de chlorprothixene et d'amitriptyline administres simultane'ment avec du thiopentone montra chez le chien que ces deux substances sont douees de proprie'te's retardant le re'tablissement apres anesthe'sie. La chlorprothixene est douee a ce sujet d'une action particulierement marquee. L'effet de ces deux substances sur la reaction circulatoire a la mise subite en clinostatisme (renversement) fut etudi^ et mesure chez des hommes jeunes bien portants. Toutes deux provoquerent de l'hypotension orthostatique. Cette action fut tres forte de la part de la chlorprothixene et peu marque'e de la part de Tamitriptyline. La recherche d'un eventuel effet sialagogue chez les memes sujets donna resultats negatifs. On signala cependant que cette preparation provoque de tres vigoureuses manifestations anticholinergiques dans d'autres systemes organiques. 
